A description is given of tests carried out on small-scale steel stanchions of rectangular and I -section subjected to the arrangements of load encountered in building frames. Two main types of loading are distinguished according to whether the stanchion is bent in single or double curvature. A theoretical explanation of the results observed is sought by reference to the simple plastic theory in which it is assumed that sections plane before bending remain plane after bending. The theory of members subjected to combined bending and axial load in the partially plastic 'range is developed, and is applied to the case of single curvature stanchions. The growth of the plastic zones is traced up to the stage at which complete plasticity occurs at three sections in the stanchion, and satisfactory agreement is obtained between the theoretical and observed collapse load. When the simple plastic theory is applied to double-curvature bending, inaccuracies arise in certain cases due to strain reduction in the plastic zones, and the simple theory is therefore elaborated to take account of the irrever sible nature of plastic strains. The improved theory is then applied to appropriate cases of double-curvature bending.
Despite the fact that pin-ended struts are rarely used in practical structures, in vestigators have confined their attention almost entirely to the behaviour of this simple form o f compression member. Various attem pts have been made to apply the knowledge thus gained to the design of the more usual member which is con tinuous through a number o f stories or panels. In Great Britain it is usual to treat each length between floors or panel points as equivalent to a pin-ended strut of some effective length depending on the rigidity o f the members connected to the continuous compression member. This has been shown to be irrational (Baker 1934) . A full description of the loading conditions to which a continuous stanchion in a building frame can be subjected, and a rational method, of design, have been given in the Final Report of the Steel Structures Research Committee (Baker & Holder 1936; Baker & Williams 1936) . That investigation was, however, confined to the elastic range; little or nothing is known of the conditions under which collapse occurs.
An account is given here of an experimental investigation on small-scale steel frames with rigidly connected members to study the collapse of stanchions under various conditions of loading. A description is also given of an analysis which enables the behaviour of the stanchion to be followed, not only in the elastic range, but also in the plastic range right up to collapse.
T e s t s o n s t a n c h io n s b e n t i n s in g l e a n d d o u b l e c u r v a t u r e
In general, a stanchion length in a building frame will be subjected to axial load and end-bending moments. In the majority o f cases the end-moments will be of the same sense, so bending the stanchion in double curvature, but in some cases the end- [ 493 ] moments can be of opposite sense, so bending the length in single curvature. In the tests carried out these conditions have been simulated in the frames shown in figure 1. When the beams are loaded the stanchion at a is bent in single curvature and that at b in double curvature. These frames were tested in special loading gear, in which a given load was first applied to each beam. The test was completed by applying to the stanchion an increasing axial load until collapse occurred. To ensure that failure was confined to the stanchion the beams of each test frame were of heavy rectangular section, 1 Jin. deep x Jin. wide, and were of high tensile steel. The stanchions them selves were of normalised mild steel, the cross-sectional dimensions of each of the four types tested being shown in figure 2. produce failure of the stanchion in pure compression, the corresponding lower yield stress being marked on curve 2. In both single and double curvature, particularly in the latter case, as the frames were subjected to heavier beam loads, the axial load to develop lower yield stress fell away much more rapidly than the collapse load. This is of particular significance in the design of rigidly jointed structures, since curve 2 represents the axial load which is usually regarded as the safe limit for a continuous stanchion. For instance, from the curves at b, for a frame carrying a beam load o f 2*5 tons this limiting axial load is 0*44 ton, whereas the stanchion actually withstood a load approximately 17 times greater.
3. T h e e q u a t io n s o f b e n d i n g f o r a r e c t a n g u l a r s t a n c h Figures 6 to 9. Stress distribution in a m em ber subjected to bending m om ent and axial load for th e elastic sta te (figure 6) and various degrees o f p la sticity (figures 7 to 9). the stress-strain relationship for the material be, that given in figure 5 a, where/ jj and Sl represent the upper and lower yield stresses respectively. Referring to figure 6, consider the section a o f a member subjected to an axial compressive force P and bending moment M, then for elastic conditions,
P =
(1) and M - The stress distribution in figure 9 dc orresponds to the conditi and is the limiting case of figure 8 dw hen = 0. The value of t at full plasticity is therefore given by substituting 0 in equation (11). I t will be seen from figures 6 to 9 that when a member is subjected to bending about one principal axis combined with axial load, plastic zones can be formed as shown in figure 10. In the length AB, to be referred to as the elastic length, the stress at any section S2 in the primary plastic length, and let the parameter < f> have the value < j> 2. Then the constant of integration is readily evaluated, and it is found that 
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. T h e t h e o r e t ic a l b e h a v i o u r o f a s t a n c h io n BENT IN SINGLE CURVATURE
To show the use o f these equations a single-curvature frame will be examined It will be seen from the information given above each diagram (figure 11) that the end-moment (ME) decreased steadily with increase in axial load. In the test this had the effect of preventing the growth of the plastic zone along the length of the stanchion, despite the fact that its depth was increasing continuously at the centre.
The effect was so marked for an axial load of 6*55 tons (diagram d) that some part of the yielded material at the extremities of what had been the plastic zone must have been subjected to stresses lower than the yield value. These regions are indicated according to the key in figure 11. From these calculations it was found that yielding occurred on the tension face of the stanchion at the centre of its length at an axial load of 6-75 tons. This was followed shortly afterwards, at an axial load of 6*78 tons, by yielding at the ends of the stanchion on the compression face. In diagram e of figure 11 it will be seen that, at an axial load of 6*82 tons, there is a primary plastic length E'B', an elastio length B'B, another primary plastic length BC', and finally a secondary plastic length C C.
Under these conditions the calculated central deflexion o f the stanchion has the value indicated by $ in figure 12 .
Any attem pt to consider a more advanced condition of plasticity fails to give a solution, unless in making th e calculation the axial load P is assumed to have a value less than 6*82 tons. Proceeding in this manner it is possible to show that the load deflexion diagram beyond the point S is given by S T in figure 12. In this range the depths of the plastic zones at C (figure lie) increase until the tensile and compres sive zones m eet and the section becomes completely plastic. Thereafter it is necessary to assume that what has been called a 'plastic hinge' occurs at this section so that further straining results in rotation. A t the same tim e the degree o f plasticity in creases at the ends until yield also occurs on the tension face,.the corresponding value of the axial load being 6*37 tons, and complete plasticity occurs at the ends under an axial load o f 5*91 tons ( figure 11/) . In comparing these theoretical results with the observed values (figure 12) it m ust be remembered that, since dead loading was used in the test it was not possible to reduce the axial load so that the range S T could be followed. Collapse therefore took place at an axial load (observed to be 6*67 tons) corresponding to the point S. The relationship between axial load and the rotation o f the central section is shown b y curve 1, figure 15. As the load approaches 7*90 tons the central rotation is in creasing rapidly, in fact, to such an extent, th at this load could fairly be said to represent the theoretical collapse load. W hen an analysis was carried out neglecting overstrain, i.e. assuming th at the stress-strain relationship shown in figure 56 was reversible, curve 2 was obtained, showing a collapse load o f 6*43 tons. These theo retical curves m ay be compared w ith the observed points, the observed collapse load being 7*33 tons. Thus the theoretical collapse load was 12*3 % too low when over strain was neglected, and 7*9 % too high when overstrain was allowed for. The agreement obtained when overstrain is allowed for is therefore better than when it is neglected, and the remaining discrepancy is possibly due to the fact th at the stress-strain relation has been over-simplified. I t is possible th at in the * unloading ' range the relation m ay be more accurately represented by some curve such as CDE (figure 56) rather than by the straight line CM (Howard & Smith 1925) . However, despite this, the work carried out does show that the effect o f overstrain is appreci able, but that to ignore it gives a calculated collapse load on the safe side. 
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